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(54) Waste water treatment method and apparatus 



(57) A waste water treatment metriod and apparatus 
comprising a waste water treatment chamber (4) with at 
least one set of electrodes (5,6) arranged so that at least 
a part thereof is Immersed in the waste water. At least 
one of said electrodes (5,6) dissolving out, by electrol- 
ysis, iron ions or aluminum ions for precipHatlng and re- 



moving phosphoric acid Ions In the waste water. A power 
source (7) for supplying an electrolytic current to the set 
of electrodes (5,6). A control unit (8) tor controlling the 
power source and a metallic catalyst (9, 1 0) disposed In 
the vicinity of al least the other of the set of electrodes 
which acts on the denitrifying reaction with hydrogen In 
the waste water. 
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Description 

[0001] The present invention relates to a water treat- 
ment apparatus and method for waste water containing 
phosphoric acid, phosphonis compounds, phosphate s 
Ions, organic nitrogen, nitrite nitrogen, nitrate Ions, and 
ammonia. 

[0002] it is well known that the presence of phospho- 
rus and nitrogen compounds is one of the causes of nu- 
trition richness of rivers or lakes. Furthermore, many 
phosphorus and nitrogen compounds exist In the waste 
water of normal homes but carrying out purification 
treatment of these compounds is difficult and currently 
there are no effective measures that can be taken. 
[0003] Various systems for the treatment of phospho- is 
rus compounds in domestic waste water have been pro- 
posed, such as the electrolytic dissolution of iron meth- 
od disclosed in Japanese patent application Laid-open 
No. 3-89998. This uses a technique in which phosphate 
Ions in the waste water are reacted with Iron ions, con- 20 
densed and precipitated and removed as water-insolu- 
ble salts such as FeP04 and Fe(0H)^(P04)y. An iron 
electrode is disposed in an electrolytic bath and electri- 
fied to dissolve out the Iron Ions from the waste water. 
An electrochemtoal elution waste treatment method is 2S 
also known which uses an anaerobic bath, an aerobic 
bath, and a treatment water bath. In this method, waste 
water in the treatment water bath is circulated through 
the anaerobic bath via the treatment bath in which the 
Iron ions react with the phosphoric acid ions and are dis- 30 
solved out. In the anaerobic bath, denitrifying bacteria 
live that exist only In this anaerobic bath so the nitrate 
Ions and nitrite ions in circulated waste water are re- 
duced Into nitrogen gas, thereby removing nitrogen from 
the waste water. However, the reaction time of the den- 3S 
itrifying reaction by the above mentioned denitrifying 
bacteria Is long which decreases treatment efficiency. 
In addition, to keep sufficient denitrifying bacteria in the 
anaerobic bath, it must have a large volume which in- 
creases equipment and building costs and a large area 
Is needed to house the equipment. Further, since the 
action of the denitrifying bacteria deteriorates In winter, 
the denitrifying action deteriorates and the treatment ef- 
ficiency becomes inconsistent. 

[OOO'^] In order to try to solve these technical prob- 
lems, a contact reduction treatment system was devel- 
oped such as that shown In Figure 2 of the drawings In 
which hydrogen is fed from a hydrogen cylinder (not 
shown) Into the anaerobic bath 100 via a gas scattering 
plate 101, and a reduction catalyst 1 02 is used as a cat- so 
alyst in the presence of H2 gas. On the basis of this treat- 
ment, the denitrifying treatment is performed stably and 
efficiently and the method uses the metallic reaction of 
zinc or the like in an alkali solution. 

[0005] In the above various prior art denitrifying treat- ss 
ments discussed above, there are still problems in that 
the apparatus is complicated thereby increasing its cost. 
Moreover, agents for pH control need to be added which 



complicates maintenance. 

[0008] The present Invention has been developed In 
order to solve these conventional technical problems, 
and an object of the present invention is to provide a 
waste water treatment system In which removal of phos- 
phorus and nitrogen can efficiently be carried out In an 
apparatus of reduced size thereby reducing the cost 
thereof. 

[0007] The waste water treatment apparatus of the 
present invention is characterised by a waste water 
treatment chamber; at least one set of electrodes dis- 
posed so that at least part Is Immersed in the waste wa- 
ter in this waste water treatment chamber, at least one 
of which dfssoh/es out by electrolysis iron ions or alumi- 
num ions for precipitating and removing phosphoric acid 
Ions In the waste water; a power source for supplying 
an electrolytic current to the set of electrodes; a control 
unit for controlling the power source; and a metallic cat- 
alyst disposed In the vicinity of at least the other of the 
set of electrodes to act on the denitrifying reaction with 
hydrogen generated from the electrode In waste water. 
This apparatus allows the precipitation and removal of 
the phosphoric acid ions to be performed on the elec- 
trode side on which the iron Ions or aluminum ions are 
dissolved out by electrolysis, removal of nitrogen being 
performed on the other electrode side by the metallic 
catalyst that acts on the denitrifying reaction by hydro- 
gen generated from the electrode, whereby the removal 
of phosphorus and nitrogen can be perfoimed at once. 
[0008] The invention further provides a method com- 
prteing the steps of disposing at least one set of elec- 
trodes so that at least a part thereof Is immersed In the 
waste water, at least one of said electrodes dissolving 
out, by electrolysis. Iron Ions or aluminum ions for pre- 
cipitating and removing phosphoric acid ions in the 
waste water, supplying an electrolytic current to the set 
of electrodes and controlling said electrolytic current, 
and disposing a metallic catalyst in the vicinity of at least 
the other of the set of electrodes, said metallic catalyst 
acting on the denitrifying reaction with hydrogen gener- 
ated from the electrode in the waste water. 
[0009] Since the waste water treatment apparatus 
and method of the present invention comprises only a 
waste water accommodation chamber, at least one set 
of electrodes, a control unit, and the metallic catalyst, it 
is simple in construction, small In size and cheap to pro- 
duce. Furthenmore, as it does not use any biological cat- 
alyst for the denitrifying reaction or any chemical for con- 
trolling pH in the waste water accommodation bath, as 
in conventional systems, the treatment of the waste wa- 
ter can be performed without being affected by the en- 
vironment in whk:h the waste water treatment Is per- 
formed. Thus, in comparison with conventional waste 
water treatment systems, the amount of mud generated 
after treatment is substantially reduced. 
[0010] in the preferred apparatus of the invention, 
both electrodes are used for dissolving out by electrol- 
ysis the iron ions or aluminum ions for precipitating and 
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removing phosphoric acid ions in tho waste water by pe- 
riodically reversing the polarities of the electrodes using 
the control unit, removal of tho phosphoric acid Ions by 
the iron Ions or aluminum ions being perfomied on the 
electrode side whose polarity is anode, and removal of 5 
nitrogen by the denitrifying reaction by hydrogen gener- 
ated from the electrode being performed under the me- 
tallic catalyst on the electrode side whose polarity is 
cathode. 

[0011] Since the polarity of the set of electrodes Is pe- 
riodically reversed, the drawback that oniy one elec- 
trode is dissolved out or that tho electrode is wasted ear- 
ly or inactivated Is avoided. 

[0012] On the side of the electrode on which iron ions 
or aluminum Ions are dissolved out oy electrolysis, pre- is 
cipftatlon and removal of phosphoric acid Ions can be 
performed, and one the other electrode side, removal of 
nitrogen can be performed by the metallic catalyst that 
acts on the denitrifying reaction by hydrogen generated 
from the electrode, and so the removal of phosphorus 20 
and the removal of nitrogen can be performed at once. 
(001 3] Preferably, tho electrodes are made of a noble 
metal modified with a copper atom, or copper. 
[001 4J Since the metallic catalyst is preferably made 
of a noble metal modified with copper atoms or copper, 
on the electrode side at whlcti the iron ions or aluminum 
Ions are dissolved out by electrolysis, precipitation and 
removal of phosphoric acid ions can bo performed, and 
on the other electrode side, the removal efficiency of ni- 
trogen can be improved by the metallic catalyst that acts 30 
on the denitrifying reaction by hydrogen generated from 
the electrode. 

[0015] A diaphragm may be provided between the 
electrodes to improve the removal of nitrogen by the 
denitrifying reaction. 

[0016] A preferred method and apparatus of the in- 
vention will now be described, by way of example only, 
with reference to the accom.panying drawings, In which: 

Figure 1 Is a schematic view of a water treatment 
apparatus of the present invention; and 
Figure 2 is a schematic view of a prior art waste wa- 
ter treatment apparatus. 

[0017] Figure 1 shows waste water treatment appa- 
ratus 1 which comprises a waste water treatment cham- 
ber 4 having an inlet (not shown) and an outlet (not 
shown) for the waste water, a pair of electrodes 5 and 
6 are disposed opposite each other so that at least part 
thereof is immersed in the waste water in the treatment so 
chamber 4. A power source 7 is provided for electrifying 
the electrodes 5,6, and a control unit 8 controls the pow- 
er source 7. Metallic catalysts 9 and 10 made of, for in- 
stance, an alloy of platinum and copper are positioned 
adjacenttheeIectrod©s5,6. Each of the metallic catalyst ss 
9 and 1 C is cylindrical in shape bu* this is not essential. 
Each metallic catalyst 9 and 10 is formed into a net to 
increase the contact area with the nitrate ions, nitrite 
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Ions, or ammonium in the waste water. Although the me- 
tallic catalysts arc preferably made of an alloy of plati- 
num and copper for Improving the efficiency of the den- 
itrifying reaction, other metallic catalysts may be used. 
[0018] The control unit 8 controls the voltage applied 
from the power source 7 to the electrodes 5 arid 6. and 
it periodically reverses the polarities of the electrodes 6 
and 6, for example, each day in the illustrated embodi- 
ment. 

[0019] Each electrode 5 end 6 is soluble and made of 
an iron Ion and/or aluminum ion generating source such 
as iron, iron alloy, aluminium, aluminium alloy, or Iron- 
aluminium alloy. If the polarities of the electrodes are not 
to bo reversed by the control unit 8 in the illustrated env 
bodimont, one of the electrodes, for example, the elec- 
trode 6 may be made of an Insoluble metal such as plat- 
inum, gold, titanium, or cari^on. 

[0020] In Figure 1 , the electrode 5 acts as the anode 
and the electrode 6 acts as the cathode. The anode 
electrode 5 is therefore made of Iron so that Iron Ions 
are dissolved out from the electrode 5 and phosphate 
ions or hydroxide ions contained in the waste water in 
tho waste water treatment chamber 4 condense and re- 
act and the iron ions dissoh/ed out from the electrode 5 
generate iron phosphate or iron hydroxide. 
[0021] Although the treatment by an electrolytic die- 
solution method In which Iron in the phosphate ion con- 
taining waste water utilizes a reaction (reaction A) in 
which the iron Ions dissolved out from the electrode 5 
react with the phosphate ions in the waste water to gen- 
erate water-ineolublo salts of phosphoric acid and Iron, 
hydroxide Ions still exist In the waste water so the dis- 
solved iron ions can also react with the hydroxide ions 
(reaction B). Since reaction B is faster than reaction A, 
the quantity of electric current must be Increased to 
process the phosphate ions thereby also Increasing the 
flowing-out quantity of the iron Ions. 
[0022] However. If calcium Ions or magnesium ions 
exist in the waste v/ater, they react with the hydroxide 
Ions (reaction D). Since this reaction D is prior to reac- 
tion B between the iron ions and hydroxide ions, reaction 
B is suppressed and the iron ions are utilized efficiently 
in reaction A with the phosphate Ions. Further, since the 
calcium Ions and magnesium Ions also react with tho 
phosphate ions to generate water-insoluble salts, they 
contribute to the removal of the phosphate Ions. : 
[0023] For this purpose, in the present Invention, cal- 
cium Ions or magnesium Ions can be added so that re- 
action B between the Iron ions end hydroxide ions is 
suppressed and the reaction A between the iron ions 
and phosphate ions is efficiently perfonned. This reduc- 
es the quantity of electricity needed thereby providing a 
power saving and reducing the amount of dissolution of 
Iron. Although this embodiment has been described us- 
ing an iron electrode 5, it may be made of aluminum. 
[0024] When the power source 7 is applied to the 
cathode electrode 6. hydrogen is generated from the 
surface thereof. Therefore, on tho cathode electrode 6, 
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the nitrate ions in the waste water react with the hydro- 
gen generated from the surface of the electrode 6 under 
the action of the above described metallic cataiyst 10. 
and are reduced to nitnte ions or nitrogen gas by the 
denitrifying action. Any nitrite ions that have not been 
converted into nitrogen further react with the hydrogen 
under the metallic catalyst 10 and change into nitrogen. 
It will be appreciated therefore that on the electrode 5 
side where the iron ions or aluminum ions are dissolved 
cut by electrolysis, the precipitation and removal of 
phosphoric acid ions can be perf ornied, and on the other 
electrode 6 side, the removal of nitrogen can be per- 
formed by the metallic catalyst 10 that acts on the den- 
itrifying reaction by hydrogen, and the removal of phos- 
phorus and the removal of nitrogen can be perfonned 
simultaneously 

[0025] Since the waste water treatment apparatus 1 
according to the present invention comprises only the 
waste water accommodation chamber 4, electrodes 5 
and 6, power source 7, control unit 8, and metallic cat- 
alysts 9 and 1 0, the apparatus is extremely simple and 
small in size thereby reducing the cost thereof. Further- 
more, since no biological catalyst is used for the deni- 
trifying reaction, or any chemical is used for controlling 
pH in the waste water accommodation bath, as conven- 
tional systems, the treatment of the waste water can be 
performed without being affected by the environment In 
which the treatment is performed so maintenance is 
simplified. 

[0026] In comparison with conventional waste water 
treatment systems, the amount of mud generated after 
treatment can be significantly reduced and the treat- 
ment of the waste water can be extremely efficiently per- 
formed. 

[0027] If the polarity of the voltage applied from the 
power source 7 to the electrodes 5 and 6 is periodically 
reversed, the electrode 6 becomes the anode and the 
electrode 5 becomes the cathode. Thus, the iron ions 
are dissolved out from the anode and the phosphate 
ions or hydroxide ions contained in the waste water con- 
dense and react and the iron ions dissolved out from the 
electrode 6 generate iron phosphate or Iron hydroxide, 
and the phosphate Ions can be removed from the waste 
water. 

[0026] When the cathode electrode 5 is electrified by 
the power source 7, hydrogen is generated on its sur- 
face and nitrate ions in the waste water react with said 
hydrogen under the action of the metallic catalyst 9, and 
are reduced to nitrite ions or nitrogen gas by the deni- 
trifying action. Any nitrite tons that have not been con- 
verted into nitrogen further react with the hydrogen un- 
der the action of the metallic catalyst 9 to change into 
nitrogen. 

[0029] The precipitation and removal of the phosphor- 
ic acid Ions is performed on the electrode 6 where the 
iron ions or aluminum ions are dissolved out by electrol- 
ysis whereas the removal of the nitrogen is perfonned 
on the electrode 5 by the metallic catalyst 9 which acts 



on the denitrifying reaction with the hydrogen, so remov- 
al of phosphorus and nitrogen Is perfomied eimuitane- 
ously. 

[0030] As described above, the metallic catalysts 9, 
5 10 are disposed in the vicinity of the electrodes 5. 6 re- 
spectively, and the polarities of the electrodes 5. 6 are 
periodically reversed by the control unit 8. Accordingly, 
when the polarity of the electrode becomes anode, the 
phosphoric acid ions are removed by the iron or alumi- 
10 num ions, whereas when the polarity of the electrode 
becomes cathode, the removal of the nitrogen by the 
denitrifying reaction with the hydrogen Is earned out in 
the presence of the metallic catalyst 9 or 1 0. Since the 
polarities of the electrodes 5. 6 are periodically reversed 
f 5 by the control unit 8, any inconvenience caused by one 
electrode only working for the dissolution and thereby 
wasting or become inacth/e is avoided. Maintenance Is 
therefore simplified as changing the electrodes need not 
be carried out until both electrodes 5 and 6 have com- 
20 pletely wasted. 

[0031] Diaphragm 12 can be used for improving the 
efficiency of the removal of nitrogen by the denitrifying 
reaction, tn the embodiment shown in Figure 1. each of 
the electrodes 5 and 6 is made of iron ions and/or alu- 
25 minum Ions such as iron, an iron alloy, aluminum, an 
aluminum alloy, or an Iron-aluminum alloy. The metallic 
catalyst Is made of a noble metal modified with copper 
atoms or copper so the efficiency of the removal of ni- 
trogen by the denitrifying reaction Is greatly improved. 
30 [0032] The waste water treatment apparatus 1 of the 
present invention can be used very effectively for treat- 
ing domestic waste water. Although It may be used 
alone, it can also bo used in combination with another 
purification system such as an activation mud method, 
35 a diaphragm separation method, an anaerobic/aerobic 
circulation method, or the like, or it can be used as an 
integrated waste water purification system for an indi- 
vidual or communal home. Furthermore, it can also be 
used for a large-scale treatment system such as a sew- 
40 age disposal plant. 

[0033] It will be appreciated from the foregoing de- 
scription that the invention provides an apparatus in 
which at least one set of electrodes is disposed so that 
at least a part thereof is immersed in the waste water in 
^5 the waste water treatment chamber, and at least one of 
said electrodes dissolves out by electrolysis iron Ions or 
aluminum ions for precipitating and removing phosphor- 
ic acid ions in the waste water, a power source supplying 
an electrolytic current to the set of electrodes which is 
50 controlled by a control unit and a metallic catalyst is dis- 
posed in the vicinity of at least the other of the set of 
electrodes to act on the denitrifying reaction of the hy- 
drogen in the waste water, on the electrode side at which 
the iron ions or aluminum ions are dissolved out by elec^ 
55 trolysis, precipitation and removal of phosphoric acid 
ions can be performed, whereas on the other electrode 
side, removal of nitrogen can be performed by the me- 
tallic catalyst that acts on the denitrifying reaction by the 
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hydrogen generated on the electrode, so the removal of 
phosphorus and nitrogen can bo performed simultane* 
ousiy. 

[0034] As the waste water treatment apparatus of the 
present invention compnses only a waste water accom- s 
modation chamber, at least one set of electrodes, a con- 
trol unit, and a metallic catalyst, its construction is simple 
and Its size Is decreased so a corresponding decrease 
in cost is achieved. Furthermore, as the waste water 
treatment apparatus does not use any biological cata- io 
lyst for the denitrifying reaction, or any cherifitcal for con- 
trolling pH in the waste water accommodation bath as 
in prior art systems, the treatment of waste water can 
be performed without being affected by the environment 
in which tho waste water trciatmont it: performed. 
[0035] In comparison with prior art waste water treat- 
ment devices, the amount of mud generated after treat- 
ment is substantially decreased. 

[0036] It is a further advantage of the invention that 
since both electrodes are used as electrodes for dissolv- 20 
ing out by electrolysis the iron ions or aluminum ions for 
precipitating and removing phosphoric acid ions in the 
waste water and the motallic catalyst is disposed in the 
vicinity of each electrode, and the polarities of the elec- 
trodes are periodically reversed by the control unit, the ^5 
removal of the phosphoric acid ions by the iron ions or 
aluminum ions Is performed on the electrode side whose 
polarity is anode, and the removal of nitrogen by the 
denitrifying reaction by hydrogen generated from the 
electrode is perf ornied under the metallic catalyst on the 30 
electrode side whose polarity is cathode, the inconven- 
ience that only one electrode Is dissolved out and is 
wasted or inactivated early can be avoided. 
[0037] It is a still further advantage of the invention 
that since at least one set of electrodes Is disposed in 35 
the waste water treatment chamber so that at least part 
thereof immersed in the waste water, at least one of 
which dissolves out by electrolysis iron ions or aluminum 
ions for precipitating and removing the phosphoric acid 
ions in the waste water, a control unit supplies an elec- 
trolytic current to the set of electrodes and controls the 
electrolytic current, and a metallic catalyst is disposed 
in the vicinity of at least the other of the set of electrodes 
to act on the denitrifying reaction by hydrogen generated 
from the electrode in the waste water, on the eiectrode 
side at which the iron ions or aluminum ions are dis- 
solved out by electrolysis, precipitation and rernoyal of 
the phosphoric acid Ions can be performed, and on the 
other electrode side, removal of nitrogen can be per- 
formed by the metallic catalyst that acts on the denitri- so 
lying reaction by the hydrogen generated from the elec- 
trode, and so the removal of phosphorus and nitrogen 
cer be performed simultaneously. 
[0038] In addition to the advantages described above, 
since the electrode is made of a noble metal modified ss 
with copper atoms or copper, on the electrode side at 
which the iron ions or aluminum ions are dissolved out 
by electrolysis, precipitation and removal of the phos- 



phoric acid Ions can be perfonned, and on the other 
electrode side, the removal efficiency of the nitrogen can 
be improved when removal of the nitrogen Is performed 
by tho metallic catalyst that acts on the denitrifying re- 
action by hydrogen generated from the electrode. 
[0039] If a diaphragm Is provided between the eleo 
Irodcs, the removal efficiency of nitrogen by the denitri- 
fying reaction can be Improved further. 



Claims 

1 . A waste water treatment apparatus comprising a 
waste water treatment chamber (4), at least one set 
of electrodes (5.6) disposed so that at least a part t 
thereof is immersed In the waste water In the waste * 
water treatment chamber (4), at least one of said' 
electrodes dissolving out, by electrolysis, iron ions 
or aluminum ions for precipitating and removing^ 
phosphoric acid ions in the waste water, a power 
source (7) for supplying an electrolytic current to the 
set of electrodes, a control unit (8) for controlling the 
power source, and a motallic catalyst (9,10) dis- 
posed in the vicinity of at least the other of the set 
of electrodes and which acts on the denitrifying rer 
action with hydrogen In the waste water. 

2. A waste water treatment apparatus as claimed in 
claim 1 characterised in that both electrodes (5,6) 
are used qs electrodes for dissolving out, by elec- 
trolysis, iron ions or aluminum ions for precipitating 
and removing phosphoric acid ions in the waste wa- 
ter, and the polarities of the electrodes are periodi- 
cally reversed by the control unit (8) to carry out the 
removal of the phosphoric acid ions by the iron ions 
or aluminum ions on the side of the electrode whose 
polarity is anode, and to carry out the removal of 
nitrogen by the denitrifying reaction with hydrogen 
generated from the electrode in the presence of the 
metallic catalyst on the side of the electrode whose 
polarity is cathode. 

3. A waste water treatment method comprising the 
steps of disposing at least one set of electrodes go 
that at least a part thereof is Immersed !n the waste 
water, at least one of said electrodes dissolving out, 
by electrolysis, iron ions or aluminum ions for pre- 
cipitating and removing phosphoric acid ions in the 
waste water, supplying an electrolytic current to the 
set of electrodes and controlling said electretytic 
current, and disposing a metallic catalyst In the vi- 
cinity of at Ie.s3st the other of the set of electrodes, 
said metallic catalyst acting on the denitrifying re- 
action with hydrogen generated from the electrode 
in the waste water. 

4. A waste water treatment apparatus or method as 
claimed in any of claims 1-3 wherein the metallic 
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catalyst is made of a noble metal modified with a 
copper atom or copper. 

A waste water treatment apparatus or method as 
claimed in any of claims 1-4 wherein a diaphragm ^ 
is disposed between the electrodes. 
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